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(54) Ink sst for ink jst recording and \nk jet recording moihed using the same 



(57) A cyan ink, for ink jet recording, capable of real- 
King gugd liyhlfastness and waterTastness and, In addi- 
tion, capable of realizing a good image, especially an 
imaae navmg good hua> and an ink set comprising fh« 
above cyan ink in combination with a magenta ink and a 
yellow ink ar* provided. The use of a combination of C.I. 
Piymtjrit Blue 60, 22. 64, or 21 with CI. Pigment Slue 15 



: 3 ae a cyan ink enables fhc formation of a good image. 
An ink set comprising this cyan ink composition in com- 
bination with a yellow ink comprising CI, Pigment Yel- 
low 109 and C.I. Pigment Yellow 110 and a magenta ink 
comprising C.I. Pigment Red Vd2 or C.I. Pigment Hed 
209 can realize a good image. 
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Description 

BACKGROI IMD OF TUP IMVPMTiniM 
* Field of ihs Invention 

The preaent invention relates to cyan and yellow ink compositions fui ink jet recording, an Ink set comprising the 
ink composition, and an Inkjet recording method wherein a reaction solution and an ink composition are deposited onto 
a recording medium to conduct printing. 



Ink jat recording is a printing methnri wherein droplets of an ink composition are ejected and deposited onto a 
recording medium such as paper. TI.Ib method has a feature thai an image with high rssolution and high quality can be 
r ealized at a high speed by means of a relatively inexpensive apparatuc. 

The ^composition used in me in* let recording, in general, comprises water as a main solvent and. arid Art thereto 
a colorant and a wott.ng agent, such aa glycerin, for printing clogging. Regarding the colorant used in the ink com- 
position for ink jet recording, a large number of water-soluble dyes have been usad because of their high chroma abun- 
dance, and good solubility in water and the like. 

Howevar, dyes are poor in various properties, such ac lightfactncco and waterfaatnesa, and. hance printe formed 
by using aye compositions have poor ligmrastness and watertastness. The watertastness of the prints has been 
improved for a speo.alty paper, for ink jet recording, having an ink-absorptive layer, whereas it is u.isalisfauluiy fur plain 
papers, r 

On the other hand, pigments have better ligtnfastness and watertastness than dyas. This has been led to studies 
on the use of p.gments as colorants in an ink composition for ink jot recording. The pigments are generally inaoluble in 
water. Thus, when me use of a pigment in an aqueous ink composition is contemplated, it is necessary to disperse the 
pigment in water with a reain and the like aa "dispersenf before the preparation of an ink composition 

In order to stably disperse the pigment, the consideration should be given to the type and particle diameter of the 
pigment, Uie type of the resin used, dispersing means and the like. Many dispersing systems and inks tor ink let record- 
ing have hitherto been proposad in the art. For example, Japanoco Patent Laid Open No. 252467/1 031 propoeea an 
ink composition comprising water, a styrena/maleic acio copolymer. e -caproiactum. and a oigment Further. Japanese 
Patent Laid-Open No. 79630/1 99! discloses an ink compoaition comprising an aqueous medium, a styiene/maleic acid 
coEoiymer, ana a copper pnthalccyanine pigment. 

Studies on the use of pigments in inks for ink jet recording range from black Inks to color inks 
The method m which a polyvalent metallic salt solution is applied on a recording medium followed by the application 
01 an ink composition containing a dye having at least one carboxyl group has been recently proposed, for example, in 

saam rss ^ ? p r No - a ° 23 ^ s33 - ^ m*** « «• method « that *» 

combines w th *e dye to form an insoluble complex whirti can offer an image having watertastness and high quality 
tree from color bleeding. n ' 

FUr T S ? Japan * S * Patont W**™ No. 106735/1901 diecloecc tho uoo of a color ink containing a aurfactant or a 
solvent Tor imparting a penetrating property and a salt in combination with a black ink capable of being thickened or 

21^%? W T <hC °f ' H 19 ^^ a t antage « lhia m9th0d is that * high^uality color image having a higl , image 
density and free from color bleeding ,s realized. In this method, two liquids, i.e. a solution containing a salt as first and 
an ink composition as second, are printed in uider to yield a good image. 

Although pigments have better lightfastnsse and waterfaetnecc. tho type of usable pigments for this purpose is lim- 
ited as compared with dyes. When pigments are actually used in the ink for ink jat recording, no* only the linhttastness 
and iho vvatcrfastneaa but hue should be sufficiently studied. Properties such as UghltartiNHti. watertastness, and stor- 
age stability of ink compositions including a pigment far ink jet recording have been studied. However, studiee on the 

^ «JilIT comp ° s " 10 ' 1 "l*** W"™* and ^ change In hue of the Ink composirion when used in the ink let record- 
inn method are made unsatisfactory. 

SUMMARY OF THS IKJVE.vjTinM 

nin JHH™ n °"r in * c * 101 ' ,,,k * ' « wdin 9 ™thod, cyan and yellow Ink compositions containing sDecific 

"n 9 ' ma9eS - Urthdf ' haV8 feUnd *™ 3 ««"bin a «on of the above cyan ink composition or yel- 
SlS u CmP05 ° n W,tfl omBr COIOr lnkcom M8i«cn(s) can prov.de good images Furthermore. have found that 
UriL campoc * onc - whcn uscd in a " '«»rding method using the so-called "two liquids" wherein a reaction 
solution and an ink composition are deposited to conriuot printino. nan yiaM good images. 

Accordingly, an object of the present invention is to provide cyan and yellow ink compositions, for Ink (at recoraing, 
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wldch can realize good llghifastness and waterfastnaas and, in addition, good images, especially images having good 

Another object of the present invention is to provide an ink set, for ink jet recording, which can realise gocd light 
fastness and wawrfasinass and ,in addition, good images, especially images having good hue 

• A !"i?!? b ' 9Ct 0f <he pre8ent invention " *° prcvid * an ink J' el recording method, using two liquid* wl .id. can real- 
ize good lightfastness and waferfafifnass and. in addition, good images, especially images having good hue 

™„in < : Crd " 19 10 f 1* 1, prebent inv9n,,on ' ,here ,s provl0ea 3 lnk somposition comprising at least one 
pigment represented by the following formula (I): 
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wherein x i6 an integer of 0 to 3; or, 

a pigment represented ay the following formula (II); 



so 
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or a mixture of the pigment represented hy the formula (I) with the pigment represented by the formula (II) 
m comprising a pigment reprasented by the following formula (III): 
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wnereln Y 1 to each independently represent a chlorine or hydrogen atom and R represents o-ph*nylene or 2 S-xyiyl 
or C.I. Pigment Yeilcw 74. 100, 150 or 160. 

According to still another aspect of the present invention, there ie provided an ink set for Inkjet recordiny, uurripfis- 
Ing a cyan ink composition, a magenta ink composition, and a yellow ink composition, wherein the cyan ink composition 
ic the above cyan ink composition erf the present invention. 

According to a further asp** of the present invention, there is provided an ink set for ink jet recording, comprising 
a cyan ink composition, a magenta ink composition, and a yellow ink composition, wherein thd yellow ink composition 
is the above yellow Ink composition of the present invention. 

According to a still further aspect of the present Invention, there is provide an ink set for ink jet maiding, compris- 
ing a cyon ink composition, a magenta ink composition, and a yellow ink composition, wherein the cyan ink composition 
is the above cyan ink composition of tha pr*s©nt inventicn and the yellow ink composition ic the above yellow Ink com- 
position of the present invention. 

According to another aspect of the prQSQni invention, there ie provided a ink jet recording method, comprising the 
step of: depositing a reacTion solution containing a reactant and an ink composition ontn a recording medium, 

wherein the ink composition is the above cyan ink composition of lite present invention or an Ink composition in 
the above ink set. and 

the reactant break* the state of dispersion and/or dissolution ottne pigment to cause agglomeration. 
BRIEF DESCRIPTION Of THE DR AWINGS 

HQ. 1 shows an embodiment of tha ink jet recording apparatus according to the procont invention, wherein a 
recording head is provided separately from an ink tank to feed an ink composition and a reaction solution into a 
recording head through an ink tube; 

Pig. 2 is an enlarged view snowing the surface of nozzles for a recording head, wherein reference character 1 b des- 
ignates the surface of a nozzle for a reaction solution and 1c the surface of a nozzle Tor an Ink composition: 
Fig. 3 is a diaoram illustrating ink jat recording using the recording head shown in Fig. 2, wherein numeral 31 des- 
ignates a region where a reaction solution has been deposited and numeral 32 a printed region where an ink com* 
position has been printed on the deposited reaction solution; 

Fig. 4 shows another embodiment or tns recording head according to thn praam invention, wherein all ejection 
noxales are arranged in lateral direction: 

Fig. 6 shows an embodiment of thn ink j*t recording apparatus according to the present invention, wherein a 
recording head is integral with an ink tank; and 

Fig. fl show* another embodiment of the ink jet recording apparatus according to the present invention, wherein a 
heater Is provided to heat a recording medium after printing. 

Uh I AILED D ESCRIPTION! fiF TMP [NVPKITIQN 

SO Cyan ink enmry^itinn 

The cyan ink composition for ink jet recording accoiding to the uiesent invention comprise, as a colorant at least 
one pigment reoresanted by th* formula (I), a pigment represented by the formula (II), or a mixture of the pigment rep- 
resented by the formula (t) with the pigment represented by the formula (II). 
ss Specific examples of pigments represented by the formula (I) include C.I. Pigment Blue 60 (x = 0) CI Pigment 
Blue 22 (x = i), C.I. Pigment Blue 64 (x - 2). and C.I. Pigment Blue 21 (x = 3) ' 
Specific examples of pigments represented by the formula (II) include C.I. Pigment Slue 15 : 3. 
The cyan ink composition, according to the present invention, comprising a mixture of the above pigments can real- 
ise good dghtfastness and wateifaslness and, at the same time, a geed Image having 2 ccc! hue. farther, according to 



70 



25 



30 



36 



40 



45 



4 



00/95/1000 13:13 1703O1G1727 OPTIPAT PACC 0G 

EP 0 773 321 AZ 

the cyan ink composition of tha prasant Invention, cclcr snadlng observed in me printing obtained with an ink composi- 
tion using only tha pigment repreeenied by the formula (II). eapecially C.I. Pigmg.it Blue 15:3. can be unexpectedly 
eliminated by combining ine pigment represented by the formula (II) with the pigment represented by the formula (I) 
especially C.I. Pigment Glue CO, 22. 64. or 21. This also is an advantage of the present Invention. 
5 The ratio of the content of the pigment represented by the formula (I) to the pigment lepreserited by the formula (II) 
is preferably in the range of from about 1 : S to 1 • 10. more preferably about 1 : 2 to 1 : 3. moet preferably about 1 : 2 
to 1 : 5, in terms of the weight ratio. 

The cyan ink composition according to tha present Invention comprises water in addition to the pigment The 
amount of the pigment added to the cyan ink composition is not limited but may be determined in such an amount range 
<n as will realise good waterfactnccc and lightfaotnese and, in addition, an image having good hue. For example It Is orer- 
erably not more than 6% by weight. 

In the preaent invention, preferably, the pigment ie added, as a pigment dispersion which is previously prepared by 
dispersing the pigmant in an aqueous medium with the aid of a disparsant or a surfactant. Preferred dispereants include 
those commonly used in the preparation or pigment dispersions, tor example, polymeric dispersants. 

According to a preferred embodiment of ihe present invention, the cyan ink composition further comprises an 
organic solvent, me organic solvent is preferably a lcw-boilin 0 organic solvent Preferred examples of low-boiling 
crganio solvents usable herein include methanol, ethanol, n-piupyl alcohol, iso-propyl alcohol, n-butancl. sec-Dutanoi 
tert-butanol. tso-butanol. and n-pantanol. Monohydric alcohols are particularly preferred. The low boiling organic sol- 
vent has the effect uf slior tening the time taken Tor drying the ink. 

Further, according to a preferred embodiment of the present invention, the ink composition further comprise a 
high-bclling organic solvent, (-referred examples of high-boiling organic solvents usable herein include polyhydric alco- 
hols suoh ae ethylene glycol, diethylene glycol, Methylene glycol, polyethylene glycol, polypropylene glycol, propylene 
glycol, butylane Glycol. 1 P.o-haranetriol, tfiiogtycol, hexylerie glycol, glycerin, trimcthylolcthane, and trimethylolpro- 
pane; alkyl ethers of polyhydric alcohols, such as athyiene glycol monomathyl ather. ethylene glycol monobutyl eth^r 
Methylene glycol monomethyl ether, diothylono glycol monoethyl ether, diathylene glycol monobutyl ether. lri*lf.y| wlB 
glycol monomethyl ether, and Methylene glycol monoethyl ether, and triwhylane glycol monobutyl ether; urea, 2-pyrro- 
lidono. N-mcthyl 2 pyrrolidone, 1 ,3-dlmethyh2-imidazolidlnoiie, and U iethanolamine. 

The amount of the low-hoiling organic, solvent added is preferably in the range of from 0.5 to 10% by weight more 
preferably in the range of hum 1.5 to 8% by weight. Cased on the ink composition. The amount of the high-boiling 
organic solvent added is preferably about 0.S to 40% by weight, more preferably about 2 io 20% by weight 

According to a preferred embodiment of the present invention, tha cyan ink composition comprises a surfactant 
Preferred oxamplcs of surfactants usable herein include anionic surfactants (for example, sodium dodecylOenzenesul- 
fonate. sodium laurate and an ammonium salt of a polyoxyethylene alkyl ether sulfate); nonionic surfactantc (for exam 
pie. a polyoxyelhylen* alkyl ether, a polyoxyethylene alkyl ester, a polyoxyethvlsne sorbitan fatty acid aster a 
polyoxyethylene alkyl phenyl 9 ther, a polyoxyethylene alkylamino, and a polyoxyethylene alKylamide). They may be 
used alone or as a mixture of two or more, hurther. it is also possible to use acaiylane glyool (Ol FINE Y and Surfynol 
82. 101, -MO. 466. and 4SS (all the above products being manufactured by Air Pioducts and Chemicals Inc.). 

According to a preferred embodiment of the present invention, the cyan ink composition comprises a rocin omul 
aion. The term "resin emulsion" used heiein refers to an emulsion comprising water as a continuous phase and the fol- 
lowing resin component as a dispersed phase. Resin oomponenta as the dispersed phase include acrylic resin vinyl 
acetate resin, Siyrene/bulaaiene resin, vinyl chloride resin, (mettyaaybta/styr** r*sin. butadiene resin, styrene resin 
crocclinkod aoryl.c reein, croaalinked styrene resin, be.uoguanamir.e resin, phenolic resin, silicone resin, and epoxy 

According to a p.efeired embodiment of the present invention, the resin is a polymer having a combination of a 
hydroph-lic segment with a hydrophobic segment. The particle diameter of the resin component is not particularly lim- 
ited SO far as tha resin component torms an emulsion. It. however, is praferahly not more than about ISO nm more orof. 
orably about S to 100 nm. 

The above resin emulsion may he prepared by subjecting a monomer(s) for forming a contemplated reain to dia- 
person polymerisation in water optionally In the presence of a surfactant for example, an emulsion of an acrylic rasin 
llr? 2 r9S ' n ma/ bS pf9par0d ^ ester of (meth)acrylic acid or alternatively an ester of 

(metn)acryllc add in combination with styrene to dispersion polymerization in water optionally in the presence of a sur- 
factant. In general, the ratio of the r«in component to me sur factarrt is preferably about IO : 1 to 5 : 1 . When the amount 
of the surfactant used falls within the above range, it is possible to provide an ink comoociticn which has good water 
2"»t«K»in the torn uf image and good penetraDlllty. Although tne surfactant is not particularly limited, preferred 
So examples thereof include those described above. 

The ratio of tne resin as the component constituting the dispersed phase to water ia suitably fin to aoo parts by 
weight fciaecc on 100 parts by weight of ihe reain with 100 to 200 parts by weight, based on 100 parts by weight Of tne 
rean. of water being preferred. * 

Known resin emulsions may also be used as Ihe above resin emulsion. For example, resin emulsions described in 
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Japanese Patent Publication Nu 1428/! 937 and Japanese Patent Laia-Opsn Nos. 56573/1991, 79678/1991. 
160068/1991 , and 18*62/1992 ss such may be uccd az the resin emulsion in the present Invention. 

Further, commercially availahia ra$in emulsions may also be used, and axamplec thereof include Microgel C-1002 
and E-5002 (slyiyne/acrylic resin emulsion, manufactured Dy Nippon Paint Co.. Ltd.). Voncoat 4001 (acrylic main «m U l- 
5 sion. manufactured by Dainippcn Ink and Chemicals, Inc.), Voncoat 5454 (styrene/acrylic resin amulaiun, manufactured 
by Dainlppon Ink and Chemicals, inc.), 5AE*1014 (styrane/acrylic resin amnion, manufactured by Nippon Zs-on Co.. 
Ltd.), and Sarvinol SK 200 (acrylic resin emulsion, manufactured by Saiden Chemical Industry Co.. Ltd). 

In the cyan ink composition arxnrding to the present invention, the amount of the rccin emulsion incorporated 
therein is preferably such thai the amount of the resin component is in tne ranaa of from 0.1 to 40% by weight more 
10 preferably in the rang* of from 1 to 25% by weight The resin emulsion has the effect of inhibiting the peroration of a 
coloring component into the recording medium and. further, accaleratino tha fixation on the medium. Further, some 
resin emulcione have an additional effect that they form a film on the iurfaua of an ink image on the recording medium 
to improve the rubbing resistance of the resultant print 

^ According to a preferred embodiment uf the present Invention, the Ink composition contains a thermoplastic resin 
15 in thfl form nf * resin emulsion. In this embodiment, the thermopfactic resin has a softening temperature of GO to 250*C. 
preferably 60 to 200°C. The term "softening temperature" used herein refers to the lowast temperature among the glass 
transition temperature of the thermoplastic resin, the melting point of the ihetmupfaetlc resin, the temperature which 
Dnnos the viscosity Of the thermoplastic min In 1Q 11 to 10 1 * poises, the pour point of the fhermoplactic resin, and the 
minimum film forming temperature (MPT) in the form of an emulsion of the tnermoplastic resin. In the step of heating 
according to the method of the present invention, the recording medium ia heated to at least the softening temperature 
uf the thermoplastic resin. 

Further, preferably, the thermoplastic reain, when heated at the softening yr melting temperature or a higher tem- 
perature and then cooled, forms a strong film having water resistance and rubbing resistance. 

Specific examples of water-insoluble thermoplastic resins Include, out not limited to, polyacrylic acid, polymath- 
25 acrylic arid, an aster of polymethacrylic acid, polyethylacrylic acid, a ctyroneybutadiene copolymer, polybutadiene, an 
awylunitf He/butadiene copolymer, a chloroprene copolymer, a fluororesin, polyvinylidsne f lunridft. pnlynleffn ra S in, eel- 
luiose. a styrene/acrylic acid copolymer, a atyrene/methacrylic acid copolymer, pulyslyrene, a styrena/acrylamlde 
cooolymer. poiyisobutyl acrylate. polyacrylonitrils. polyvinyl acetate, polyvinyl acetal, pclyamide. rosin reein, polycthyl 
one, a polycarbonate, a poiyvinylidena chluiiue resin, a celluloslc resin, a vinyl acatara resin, an ethylene/vinyf acetate 
30 copolymer, a vinyl acatate/(meth)a a ylata copolymer, a vinyl chloride rocin, poiyurathane, and a roein eater. 

Specific examples of low-molecular waight thermoplastic resins include oolyethylene wax. montan wax alenhnf 
wax synthetic oxide wax. an a-olefin/malcic anhydride copolymer, animal and vegetable waxes such as camauba wax, 
lanolin, paraffin wax, and microcrystaliine wax. 

According to a preferred embodiment of the present invention, the cyan Ink composition according to the present 
35 invention contain* a saccharide. Examples of saccharides usable heroin include monosaccharide^ disaccharides oli- 
gosaccharide* (including trlsaccnarldes and tmrasaccnandes). and other polysaccharides, preferahly glucose man- 
nose, fructose, nboee, sylocc, arabinose, galactose, aldonic acid, glucitol, soibilof, maltose, celloblose, lactose 
sucrose, trenaiose. and maltotriose. The term "polyfiamhsride" used herein refers to saccharides, in a broad ccncc,' 
including substances which widely exist in the natural world, such as alglnlc acid, a- cycled extrm, and cal/ulose. 

Derivative* of these saccharides include reducing sugarc of the ebove saccharides (for axample, sugar alcohols 
represented by the general formula HOCH^CMOHJnCHjOH wherein n is an integer of 2 to S). nxidi^ sugars (for 
example, aldonic acid and uronic acid), amino acid, and thioaugars. 3ugar alcohols ai* reticular ly preferred and so*- 
crfic examples thereof include maltitol and sorbitol. ' 

The content of the above saccharide is suitably in the range of from 0. 1 to 40% by weiqht. preferably 0 5 to 30% by 
45 weight, based on the ink 

runner, if necessary, pM adjustors, preservatives, antimolds and the like may he added 
Yellow ink c omposition 

SO The yellow ink enmpnsition according to the present invention compriccc, ac a colorant, a pigment represented by 
the formula (III) or C.I. Pigment Yellow 74. 13*. 150 or ISO as defined above. 

According to a prQierr&i embodiment of the preeent invention, the yellow ink composition ujnipriees as a pigment 
represented by the formula (III). CI. Pigment Yellow 109 which is a pigment represented by the formula (III) wherein Y, 
L° Ti r £ re " n t * l ? htorina atom and R r *(* 2 >**vW and CJ. Pigment Yellow nu which is a pigment represented 
by he formula (III) wherein Y 1 to Y 8 represent a chlorine atom and R represents o phenyfene. According to a further 
preferred ambuuiment of the present Invention, the weiaht ratio of C.I. Pigment Yellow 109 to the content of r. I Pigment 
yellow no te preferably in the range of from SO : 40 to 00 : 1. The uae of these two pigment* in combination can realize 
good hue and color density. 

Tho yellow ink composition according to the present iiiventfun comprises water In addition to the above pigment. 
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Tha amount of the pigment added to the yellow Ink composition is not limited but may be determined in such an amount 
range as will realisa gocd watarfaetnccc and lightfastnesa and, in addition, an imago having good hua. For Sample, it 
is preferably not mors man v % by weight. 

As the cyan Ink composition, the yellow pigment may preferably be added to the ink composition as a pigment dis- 
? pareion which ic previously prepared by dispersing the pigment in an aqucuus medium with The aid Of a dlspersant or a 
Surfactant. Preferred dispersante include ihn*<* commonly used in ths preparation of pigment dicpcrcionc, for example, 
polymeric dispersants. 

Fur\'ri£r, as the cyan ink composition, the yellow ink composition according to the present invention preferably fur- 
ther comprises adoltfves such as an organic solvant. a surfactant, a resin emulsion, a sancharnsa * p w adjuster, a pra- 
10 servative, and an antimold. Specific examples thereof and the amouiil thereof added may be the same as those 
described above in connection wiih the cyan ink composition. 

Ink sat 

is The ink set according to the pr<*Qen\ invention basically comprises a cyan ink composition, a magenta InK compo- 
sition, and & yellow ink composition, the cyan ink composition bsing ihe above cyan ink composition of the present 
invention. 

The ink sat arr.nrtfnq to another aspect of the present invention basically comprises a cyan ink composition, a 
magama ink cur nutrition, and a yellow ink composition, the yellow ink composition being the above yellow ink compn- 
oo sition of ths present invention. 

The ink set accoramg to a further aspect of the present invention basically comprises a cyan ink composition, a 
magenta ink composition, and a yellow ink con luusitiun, the cyan Ink composition Delng the above cyan ink composition 
of the present invention the yellow ink composition being the above yellow ink composition of the present invention. 
Tha ink yet according to ihe present Invention can realize good lightfastness and waterfastness and, in addition, an 
as image having good hue. 

In the Ink set according to the present invention, the magenta ink mmpnsitlon is not particularly limited so far as it 
is not detrimental to the above good properties of the cyan ink coi npo&ition and the yellow Ink composition. However, a 
magenta ink composition comprising the following pigment as a colorant is preferred. 

Specifically, a or eferreu" magenta Ink composition comprises, as a colorant, a pigment represented by the following 
™ formula (IV): 



X* X10 O Xi 
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(IV) 



Xq O Xe Xi 



ds whargln X 1 to X 10 each independently represent a hydrogen or chlorine atom or a methyl group. 

Specific examples of pigments represented by the formula (IV) include C I Pigment Red 122 which is a pigment 
roproccntcd by the formula (IV) wherein X 2 and X 7 represent a methyl group and the other substliuents X 1p X 3 to X*. 
and X fl to X 10 represent a hydrngan atom and C.I. Pigment Red 209 which is a pigment represented by the formula (IV) 
wherein X 3 and X 8 represent a chlorine atom and the other suostituents X,. X a . X^ to X 7 . and X 9 and X 10 represent a 

.w hydrogen atom, 

The ink set using the above magenta ink composition can reaii2ft a gnnd color image. 

According to a preferred embodiment of the present invention, there Is provided an Ink set including comDina- 
tion of the magenta ink composition containing C.I. Pigment Red 122 or 209 and the cyan ink ccmposii: containing 
C.I. Pigment Slue 60 as a pigment represented by the formula (I) or C.I. Pigment Blue 15:3 as a pigmem , . wMMrttnri 
« by -the formula (II). 

According to a preterred embodiment of the pr$&&nt invention, the concentration of the magenta pigment in the 
magenta ink composition and the concentration of ihe yellow pigment in the yellow Ink composition eacn are h'\Qt)et man 
the concentration of the cyan pigment in the cyan ink composition. More preferably, the pigment concentration is not 
more than e% by weight for all tha ink compositions and the ratio of the oiament concentration (% by weicht) of the cyan 
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inN composition to the pigment concentration (7© by weight) of me magenta Ink composition to the pigment concentra- 
tion (% by weight) of the yellow ink composition is 1 : 1 to 2 : 1 to 3. According to this embodiment, an image having 
furtner improved hue can be reaped. 

Th* mayenla ink composition consiiiuilng the InK set according; to tne present invention comprises at least water in 
addition to the above pigment. The amount of the pigment added to the ink composition is not limited but may be deter- 
mined In such an amount range as wiil realize gocd waterfastnass and lighrfaatnaas and, in addition, an image having 
good hue. For example, it la preferably not more than d% by weiyhl. 

As with tha cyan ink composition, in the magenta ink composition constituting the inkect according to the present 
invention, preferably, the pigment Is added, as a pigment dispersion prepared by dispersing the pigment in an aqueoua 
medium with tha aid of a diepercant or a surfactant, to the ink composition. Preferred disperaants include those com- 
monly used in tne creparanon ot pigment dispersions, for example, polymeric disparsants. 

Further, as with the cyan ink composition, the magenta ink composition constituting the Ink set according to the 
present Invention preferably funfhar comprises additives such as an organic solvent, a surfactant, a roein emulsion, a 
saccharose, a pH adjuster, a preservative, and an antlmold. Specific examples thereof ana tne amount thereof added 
msy ha ths same as those describsd above in connection with the cyan ink composition. 

Ink let recor ding method uatrffl two liquids 

The cyan ink composition and the ink set according to the present invention may form an imags Dv inK jet recording. 
20 Combination of the cyan ink composition or the ink set according to tho prcccnt invention with the recording method 
using "two liquids" can offer a Defter image. In particular, goco color development can be offered even on plain papara. 
Further, as compared with the solo use of the ink composition or tho ink sot the combination of the ink composition fur 
tne inK set with the ink jet recording method using two liquiria ran offer improved lightfsetness of the printed image, 
The ink jet recording method according lo Hie present invention Involves the step ot depositing a reaction solution 
£S containing a rfiaotant and the cyan ink composition or an ink composition in the ink cct of the present invention onto a 
recording medium. The term "reactanr used herein refers to a material which is able to break tha state of riiapamion 
and/or dissolution of the pigment and can agglomerate the pigment. 

fn the recording method using two liquids according to the present invention, a good print can be realized by contact 
of the reaction solution with lite ink composition. Specif Icaily, upon contact of the reaction solution with the ink compo- 
50 aitinn. fha raactant contained in the reaction solution breaks the state of diepcrcion of the pigment and other compo- 
nents in the ink: composition, leading to agglomeration of tne pigment and the other components. The agglomerate is 
considered todepceit onto the recording medium, realizing a print having high color density and no significant bleeding 
or feathering; and unevenness. Further, advantageously, in fha rasa of a color image, uneven color-to-color intermixing 
in the region of boundary between different colors, that is, color bleeding, can be effectively prevented. 
35 In fha method of the present invention, the reaction solution is brought into contact with the ink compoeition. The 
step of ejecting droplets ot the InK composition onto the recording medium to record an image may be conducted either 
before or after the depocition of the reaction solution onto the recording medium. With the practice of Ihy step of record- 
ing after the deposition of the reaction solution may he praifirrcxi 

The reaction solution may be selectively deposited on only the areas where the InK composition is deposited, or 
40 altarnfltivafy may be deposited on the whole area of the recording modium. The former method can minimize the con- 
sumption of the reaction solution and, henca, is cost-effective. In the former method, however, both the reaction solution 
and the ink compoeition should be deposited onto a contemplated position with certain accuracy, On the ulher hand, in 
the latter method, the requirement for the accuracy on tha position of the deposition of the reaction solution and the ink 
composition is reduced as compared with Hie former method. However, the latter method is disadvantageous in that a 
46 larga amount of the reaction solution is deposited onto the whole area of the recording medium, causing paper, when 
used as the recording medium, to be likely to curl upon drying. Therefore, which method is used may ha determinari hy 
taking into consideration a combination of the ink composition with the reaction solution. In Ihe for mer method, the reac- 
tion solution may be deposited by tha ink jat recording method 

The reaction solution used in the present invention comprises a reactant which can break the state of disoersion ot 
SO the colorant anH the other components in the ink composition and can agglomerate the colorant component and ihe 
ullier components. 

Examplec of the rcaotion solution uaable in the present invention include, as the reactant, a polyvalent metal salt, 
a poiyamine. a polyamine derivative. 

Preferred examples of the polyvalent metal salt include the salt wnicn Is constituted by divalent or nigner polyvalent 
6B metallic ions and anions aondsd to the polyvalent metallic ions and to colublc in water. Specific examples of polyvalent 
metallic Ions Include divalent metallic ions, such as Ca^, Cu 2t , Nr T , Mg £T . Zn 2i \ and Ba 2 ". trivalent metallic iona. such 
as Al 3 *, Fe 3 ', and Cr 3+ . Anions include CI*, N0 3 \ l\ Dr\ CI0 3 \ and CH 3 COO\ 

In particular, a metal salt constituted hy Ca 2 + or Mg 2 * prnvHon faworabie r<?sufts in tarms of pH of tho reaction solu- 
tion and the quality of prints. 
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Tho concentration of lha polyvalent matal salt !n the reaction solution Is not limited but may be determined so as to 
attain the effect of providing a gced print qualify and preventing clogging. It, however, is preferably about 0.1 to 40% by 
weight, mora preferably about 5 to 25% by weight. 

According to a preferred embodiment of the present invention, the polyvalent metal wit contained in the reaction 
5 solution is constituted by divalent or higher polyvalent metallic ions and nitrate iuiib or carboxylaia Ions oonded to the 
polyvalent metallic ions and is soluble in water. 

Tho earboxylate iona are preforably deiived from * carboxylic acid selected from the group consisting of a saturated 
aliphatic monacarboxylic acid having 1 to 6 carbon atoms and a carbocyclic monocorloaxylio aoid having 7 to 1 1 carbon 
atoms. Preferred examples of ll ie saturated aliphatic monocarboxylic acid having 1 to 6 carbon atoms include fnrmir. 
w arid, acetic acid, propionic acid, butyric acid, icobutyrio aoid, valeric acid, isovaleric acid, pivalic acid, and Mexano/c 
acid. Among them, formic acid and acetic acid are particularly preferred. 

A hydrogen atom(3) on the saturated aliphatic hydrocarbon residue in the monocarDoxyllC acid may be substituted 
by a hydroxyl group. Prefarreri examptes of such earboxylic acids include lactic acid. 

Preferred example* of the carbocyclic monocarboxylic acid having 6 to 10 carbon atoms include benzoic arid and 
is naphthoic acid with benzoic acid being more preferred. 

The polyailylamine and QOlvailvlamme derivative usabla in the reartinn solution are cationie polymers which aro 
soluble in water and can be positively charged in water, Such polymery include, for axamole, Those represented Dy me 
foiiowma formulae (a), (b). and (c). 

CH2 (a) 
» NH2 



CH 2 ( b ) 

iWx* 

35 



whbi^ii X* represents a chloride, bromide, iodide, nitrate, phosphate, sulfate, or acetate inn 

In addition, a copolymer of an allylamine with a diallyiamine and a copolymer of diallylrnelhylammmonlum chloride 
with sulfur dioxida may also be used. 

The content of the pclyallyfamine and the pulyallyJamlne derivative Is preferably U.b to 1 0% by weight based on the 
so reaction solution 

According to a preferred embodiment Of the present invention, the reaction solution may nnnfafa a wetting agent 
comprising a high-boiling organic- solvent. The high'boiling organic advent can prevent the reaction solution from being 
evaporated, preventing clogging of a recording h«arf. Purred examples of high-boiling organic eclvente include poly 
hydrio aloohoia auch as ethylene glycol, cflelhyleiit* glycol, Methylene glycol, polyethylene glycol, polypropylene glycol. 
55 propylene glycol, hurylana glycol 1 .2.6-hexanatrid, thioglyeol, hexylenc glycol, glycerin, trimethylol ethane, and trimeth- 
ylolpropan*, alkyl ethers of polyhyaric alcohols, sucn as ethylene glycol monoathyl ether, ethylene glycol monobutyl 
ether, diathyiene glycol monomcthyl ether, diethylene glycol monoethyl ether, dielhylene glycol monobutyl ether, Meth- 
ylene fllyco! monomethyl ether, and Methylene glycol monoethyl ether, and triethylene glycol monobutyl other; urea, 2- 
pyrrolidone, M-methyi-s-pyrrolidone, i,3<lune(liyl-2-iriwiazolldlnone, and trietnanoiamine. 
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Although the amuunt of The hign-bolling organic solvent added is not particularly limited, it is preferably *hnnt 0 5 
to 40% by weight, mora preferably about 2 to 20% by weight 

According to a prefaced embodiment of the present invention, the roaction solution comprises a lew-boiling organic 
solvent Preferred maniples of low-boiling organic solvents usable herein include methanol, ethanoi. n-propyl alcohol, 
s iso-propyl alcohol, n-butenof. eeobutanol, tcrt butanol. ieo-buianol, and n-pentanol. Munohydric alcohols are particu- 
larly preferred. The low-boilino organic solvent has the a/fad of shortening the time taUsn for drying the ink composition. 
The amount of tho fow-boiling organic solvent added preferably in the range or from 0.5 to iu% ay weight more pref- 
erably in the range of from 1 .5 to 6% by weight 

According to a petered embodiment of the present invention, the reaction solution comprise a penetrating agent. 
w Penetrating agents usable herein include various aurfactants such as anionic, caiiuniu, and amphoteric surfactants* 
alcohols such as methanol, emanoi. and isoorcpyl alcohol: and lower alkyl ethers of polyhydric alcohols, such ac ethyl ' 
one glycol monomcthyl ether, diethyiane glycol monoelhyl elher, Methylene glycol monoDutyl ether, methylene glycol 
monODUtyl ether, propylene glycol monnhutyl ether, and dlpropylene glycol monobutyl ether. 

An Inkjet recording apparatus for practicing the InkJet recording method according to the oresant invention will now ha 
15 descrihflri with reference to the accompanying drawings. 

Fig. I Is a diagram shoving an embodiment of an ink jat recording apparatus. In this embodiment, an ink composi- 
tion and a reaction solution are accommodated in a tank and fed into a recording nead tnrough an inklUDe specifically, 
a recording head 1 is communicated with an ink tank 2 through an ink tube 3. The interior of the ink tank 2 is partitioned' 
and a chamber for an ink cornpusitiun, optionally a plurality of chambers respectively for a plurality of color ink compo- 
se sitmns, and a chamber for a taction solution are provided. 

The recording head 1 Is moved along a carnage 4 by means of a timinc halt A driven by a motor S. On the other 
hand, paper 7 as a recording medium is placed by a platen 8 and a yuide 3 at a position racing the recording head 1 
in this embodiment, a cao 10 is provided. A auction pump 1 1 is connected to the cap 10 in order to conduct the ao-called 
"cleaning operation." The ink composition sucked by the pump 1 1 is resorvoired in a waste ink tank 1 3 through a tub a 

25 12. 

Piy. 2 is an enlarged view showing The sunaca Of nozzles for the recording head 1 In the drawing, the surface of a 
nozzle for a reaction solution is indicated by 1b. and a nozzle 21 for ejecting the reaction solution Is provided in the lon- 
gitudinal direction. On the other hand, the surface of nozzles for the ink composition ie indicated by 1 o, and a yellow ink 
composition, a magenta ink composition, a uyan ink composition, and a black ink composition are ejected respectively 
30 through nozzle* 2?. 5>3, ?4 and 25. ' 

Further, an ink jet recording method using the recording head shown in Fig. 2 will he de_sorih*d with reference to 
Rg 3. The recording head 1 is moved in tho direction indicated by an arrow A, during whicfc time the reaction soiuilon 
is ejected through the nozzle 21 to form a reaction solutionvteposited region 31 in a band form on the recording medium 
7. Subsequently, the recording medium 7 i* inferred by a predetermined extent in me direction indicated by an arrow 
dmng whldl t,m * th * recording bead 1 is moved the direction opposite to that indicated by the arrow A and relumed 
to [tie left end of the recording medium /, and the recording head conduct printing using the ink composition on the 
reaction solution -deposited region 31 , thereby forming a print region 32. 

Further, ae'Shown in Fig. 4. in the recording h*ad 1 , it is also possible to arrange all nozzles in tho lateral direction 
to construct a nozzle assembly, In the drawing, ejedion nozzles for a reaction solution are denoted dv 41 a and 41 b and 
40 a yellow ink common, a magenta ink composition, a cyan ink composition, and a black ink composition are ejected 
respectively through nozzias 42, 43, 44 and 4o. In the recording head according to this embodiment, the recording head 
1 , when reciprocated on the carriage, can conduct printing in both directions. Therefore, in this case, printing at a higher 
speed Is expected as compared with the case wharf* the recording head shown in Fig, 2 is used. 

Further, when the reaction solution and [lie ink composition are preferably adjusted so as to fall within the surface 
tension rang** described above, a high-quality print can be more stably provided regardless of the order of deposition 
wf the reaction solution and the ink composition, in this case. Qven the provision of a single ejection nozzle suffices for 
satisfactory results. For example, in the drawing, the nozzle 41b may b* omitted. This can contribute to a further reduc- 
tion in size ot the head and a further ineraasa in printing speed. 

In the ink jet recording apparatus, the supplement of the Ink composition may be carried out by replacing an ink tank 
SO in a cartridge farm. The ink tank may be integral with the recording head. A preferred embodiment of an ink jel recording 
apparatus u»ny audi an Ink tank Is snewn in Fig. b, In the drawing, the same members aa used in the apparatus shown 
m Hg. 1 have the same refcrcnoo numerala. In the embodiment shown in Fig. 5. recording heads 1 a and 1 b are integral 
respectively witn ink tanks 2a and 2b. An InkmrnpoeWon and a reaction solution are ejected respectively through the 
recording heads 1 a and lb. Basically, printing may be conducted in the same manner as described above in connection 
with the apparatus shown in Fig. 1, Further, in this embodiment, the recording head 1a is moved together with ihe ink 
lank 2a on a carriage 4, wnile the recording head 1 a is moved together with the ink tank ?h on the carriage 4, 

A preferred embodiment of an Ink jet recording apparatus wherein a heater fur heating a printed recording medium 
IS further provided is Shown in Fio. 6. The emhnrfimant *h 0 wn in Fig. S is the game as the embodiment chown in Fig. 
except that a heater 14 i3 add.tionaily provided. Th, heater 14 may be or a contact t ypQ wnerem, in heating the 
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rsccrdlng medium, it is brought into contact with the recording medium. Alternatively, the neaimg means may be of a 
non-contact type where th« recording medium ic heated by applying infrared raya or the like or blowing hot air to the 
recoralng medium, 

5 EXAMPLES 

^ The present invention will be described in mure detail with reference to the following examples, thouqri it is not Mm. 
ited to thfifift fiyamplfls only 

A reaction solution and Ink compositions were prepared according to the following formulations. 

Bfiflcjjoj] solution 



Magnesium acetats tstrahydrato 


2S wt% 


Tricthylcne glycol monobutyl ether 


3 wt% 


Glycerin 




Ion-exchanged water 


Balance 



Pigment 




Cyan Ink: 


C.l. Pigment Blue 15:3 


1 Wl% 




C.J. Pigment Blue 60 


0.5 wt% 


Magenta Ink: 


C.l, Pigment Red 122 


2* 


Yellow inK. 


CI. Pigment Yellow 109 


2.4 WT% 




C.L Pigment Yellow 1 10 


1 8wt% 


Liquid medium 




Glyrene/acrylic copolymer ammonium salt (molecular 
weight 7Q00, resin component 38%; dispersant) 


1.5 Wt% 


Grandoll PP-1 000 (styrene/acrylic resin emulsion, resin 
componant 45%. manufactured by Dainippqn Ink and 
Chemicals, Inc.) 


7wt% 


MaltitoJ 




7wt% 


Glycerin 




10wt% 


2-PyrrolidOne 




2 WT/o 


ion-exchanged water 




Balance 



tl 
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Cxamole 2 





Pigment 




Cyan ink: 


C.i. Pigment Blue 15.3 


2.3 wt% 


10 




C.I. Pigment Blue 60 


0.25 wt% 


Magenta Ink: 


C 1 Pigment Red 209 


3 wi% 




Yellow ink; 


C.I. Pigment Yellow 137 
C.I. Pigment Yellow 1 73 


2.5 wt% 


IS 


Liquid medium 






Styrene/acryiic copolymer ammonium edit (molecular 
weight 7000, resin component 38%; dispersant) 


1 .3 wt% 


20 


Vonr.nat SdSd (styrene/acrylic resin emulsion, resin com- 
ponent 45%, manufactured by Dainlppon ink ana Chemi- 
cals. Inc.) 






Sucrose 




10 wr% 


2S 


Glycerin 

Pyrrol idone 
Ion exchanged water 




m wt% 
2wi% 
Balance 



30 



35 



[Pigment 




Cyan ink: 


C.I. Pigment Blue 15:0 


2wt% 


Magenta Ink. 


C.I. Pigment fled 122 


2 wt% 


Yellow ink: 


CI. Pigment Yeffow 10.9 


2 A wf% 




C.J. Pigment Yellow 110 


1.6 wt% 


Liquid medium 




Styrene/acrylic copolymer ammonium salt (molecu- 
lar weight 7000, reein component 38%; dispenwH) 


1.5 wt% 


Grandali PP-i ooo (6ryrena/acrylic resin emulsion, 
resin component 46%, manufactured by Dainippon 
ink and Chemicals, Inc.) 


7wt% 


Maltitol 




7wt% 


Glycerin 




10 Wt% 


2-Pyrrolidone 




2wt% 


Inn-Exchanged water 




Balance 
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Pigment 




Cyan ink: 
Magenta Ink: 
Yellow ink: 


C.I. Piyment Blue 15:3 
C.l. Pigment Red 122 
C.I. Pigment Yellow 109 
CI. Pigment Yellow no 


2 wr/o 

4 wt% 
5.34 wt% 
0.06 wl% 


Liquid medium 




Siyrsne/acrylic copolymer ammnnium salt (molecu- 
lar weight 7000, resin component 35%; dtepersani) 

Voncoat 5454 (styrene/aaylic resin emulsion, resin 
component 45%, manufactured by Dainippon Ink 
and Chemicals, Inr) 

Sucre cc 

Glycerin 

2-Pyrrolidone 

Ion -exchanged wator 


i.o WT*» 
5 wt% 

10 wt% 
10 wt% 
2 wt% 
Dalance | 



fl» £xamole 5 



.75 


Pigment 






Cyan Ink: 
Magenta Ink* 
YcJJow ink- 


C.l. Pigment Hlue 15:3 
CI. Pigment Red 122 
CI. Pigment Yellow 133 


2wt% 
3 wt% 
3 wl% 




Liquid medium 






Styrene/aerylic copolymer ammonium salt (molecular 
weight 7000, resin component 3fi%; dlspersant) 

Voncoat 5454 (styrane/acryiic resin emulsion, resin 
component 45%, manufactured by Dainippon Ink and 
Chemical*;, inr, } 


1.5wt% 
Swt% 


A) 


Sucrose 

Qlycsrln 

2-Pyrroiidone 

ion -exchanged water 




10 wl% 
10wt% 
2wt% 
Qalance 



13 
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Example Q 



Pigment 




Cyan ink: 


C.l. Pigment Dlue 13;3 


1.5 wt% 




C.I. Pigment Blue bU 


o.s wt% 


Magenta Ink: 


CI. Pirjnwit Rsd 309 


3 wt% 


Yellow ink: 


C.I. Pigment Yellow 1S0 


4wt% 


Liquid medium 




Styrene/acrylic copolymer ammonium salt (molecu- 
lar weight 7000, rssin component 38%; dispeisant) 


I .J <Yl JO 


Qranaoii PP-1000 (siyrene/acr/lic resin emulsion, 
rccin component 45%, manufactured by DaJnippon 
Ink and Chemicals, inc.) 


5wt% 


Sucrose 




10 wfft 


Glycerin 




10 wl% 


2-Pyrrolidone 




2wt% 


Ion-exchanged water 




Balance 



m Sample 7 



Pigment 




Cyan Ink: 


C.l. Pigment Blue larj 


2WT% 


Magenta Ink: 


C.l. Pigmfint Red 122 




Yellow ink: 


C.l. Pigment YollowlSO 


4wt% 


Liquid medium 




Srvrene/acrync copolymer ammonium salt (molecu- 
lar weight 7000, resin component 38%; dieperearrt) 


1.5 wt% 


Grancoli PP-iouu (sryrene/acrylic resin emulsion 
resin oomponent 45%, manufactured by Dainippon 
Ink and Chemicals. Inc.) 


5wt% 


Maltitol 




7wt% 


Glycerin 




I0wt% 


2-Pyrrolidone 




2wr% 


Ion -exchanged water 




Balance 



14 
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Pigment 




Cyan ink: 


C.I. Pigment Blue 15.3 


1.5 wi% 




C.i. Pigment blue 60 


0.5 wt% 


Magenta ink: 


C 1 Pigment Red 209 


4wi% 


Vollow ink: 


C.I. Pigment Yellow 74 


0 M% 


Liquid medium 




Styrene/acrylic copolymer ammonium salt (mnlacu- 
lar weight 7000. resin compontnl 38%, dijipersant) 




Voncoat5454 (swane/acrylic resin emulsion, resin 
component 46%, manufactured by Dainippon ink 
and Chemicals, Inc.) 


5wt% 


Sucroce 




Swt% 


Qiycsiin 




15wt% 


2-Pyrrolidone 




? WT% 


lon-axchangod watar 




Balance 



•™ Comparative gasamplftl 



Pigment 




Cyan ink; 


C.i. Pigment Blue 18 




Magenta Ink: 


C 1 Pigment Red 67 


3 wt% 


Yollow ink: 


CJ. Pigment Yellow 10 


8wt% 


Liquid medium 




Styren a/acrylic copolymer ammnnium salt 
(molecular weight 7000, resin component 38%; 
dispersant) 


1 5wt% 


Voncoat 5454 (atyrene/acrylic resin emulsion, 
rssin cnmpnn«nt manufactured by Oainip- 
pun Ink and Chemicals, Inc.) 


5wt% 


Maltitol 




7wt% 


Glycarin 




10 wt% 


2-Pynolidone 






Ion-exchanged water 




Balance 



13 



50 
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Evaluation 1 : Composite black 

The ink sets prepared in Examples 1 and 9 on rf Comparative Example 1 were used to evaluate the hue of compos- 
5 A solid image of composite black formed by printing yellow, magenta, and Cyan inks, prepared in Example 1 and 

amount of Ihcoc into used waa formed on a apecialty paper for Ink jet recording (dually paper for MJ-700V2C) by 
means of an ink jet pnmar MJ-700V2C (manufactured by Seiko Epson Corporation) ' Y 

«, „.« Th9 J' alue , 0 !. a * b ' Wa5 nwa * ur * d r °' aoliu "naae. In the evaluation of the hue. for the solid image trie L'a'o' 
io rnlor system of the color drfferencs indication method specified in CIB wac mcacurod with Macbeth ™'oo L^ro- 

u, D - o (achromatic color) determined by the following equation: 

15 Aa-b*-( a ' 2 + b'V* 

The evaluation criteria ore as followa. 

da'b* a 10 ... good ((Q) 
20 Aa'h' > m failure (X) 

Evaluation 3- Color development on plain paper 

25 fnlln^ MJ-700V2C was used in this evaluaiiun test. The reaction solution was printed (1 00% duty) on tha 

25 fnllnw.no ^. fl papers, and ,nks ware then printed. For comparison, inks were printed on the recording papers with 
nu taction solution primed f Hereon, rccoramg paper, w.tn 

The color development of thece print wore evaluated according to the following criteria 
racers tor evaluation 

so (1) Xerox P (Xernx Onrp.) 

(2) Ricopy ©200 (Ricoh Co. Ltd.) 

(3) Xerox 4024 3R 721 (Xerox Corp.) 

(4) Neenan Bond (Kimberly-Clark) 

(5) Xerox R (Xerox Corp.) 

35 (6) Yamayuri (Hnnshu Paper Co.. Ltd.) 

The ^^^SZt*™* mCaSUr6d WitH 3 MaCbBth de " 8itom ^ f™"^^ * Macbeth). 
Vivid color development for all the plain papere for evaluation and an 00 value of not less than 0 9 O 
Obscured color development far at least one of the papers for valuation and an OD value of not lees than 0 9 6 
Obscured color development for at least one of the papers tor evaluation ana an ou value of less than 0.9 ... X 

evaluation 3: ughtfastness 

the v F JoT fi m B tl F ?T' 9S 1 2 ^ Cam P araW ^P' 8 1. • «"W (10°% ^ty) image (3 em x 3 em) of each of 

£l£^7£Z?ZZJ£ formed on a specialty paper (specialty paper tor ,nk jet recording, manufactured by 

the lorm^T^al l! ^-X^f" 9 T '"^ COl °'' ^ ' h * «*" * tl « l,,e """a" 0 " of tt,e "Wastness test for 
ur!d w ahlSSTS mm h Sy ° f thS C0 '° r diW ° r9nC8 indication meihod «P«*'«* m CIE wae meac- 

cofar o f* !S5Si22 e e J?H?° P ^! ,er ^'^a 3 * M «be«i, «* *• "lor difference between the initial 
baal on ,L P 1 f . ?. C "* <hC Pnnted ima9e after the eva,ua,ion «* lhe 'ishtfaatneaa was determined 
SfSXSr? Va ' Ue6, ,i0ht,aStn8fifi ° f ^ W3R ^"'^ " ,ar ' S ° f *«V accor ^ 

aJ^T^Z 9 mX and f /aluation for 'ightfastnese were performed in the same manner ae described just 

liTSC J ^ JK^r«f ? 6C,a,ry paP8r ' T ° r ' nk iM r6C0rdin3 ' 001 C0Md Wi,n me rea « ,on solut,on 
i no color difference is defined by the following equation. 

Color difference: ALVab * [(AL*) 2 -r (Aa') 2 ^ (Ab *) 2 ] 1/2 
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Evaluation criteria are as follows. 



^ 5 for all of yellow, magenta, and cyan inks ... ©xcallant (®) 
5 < AE'aD - 10 for all of yellow, magenta, ana cyan inks ... good (O) 
AE*ab > 10 for ai least one of the three colore ... failure (X) 

The evaluation results ara summarized in Uie following table. 



10 



15 



Tahlfi 1 



so 
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Reaction solution 
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Comparative Example 1 
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Claims 

1. A cyan ink composition for ink jet recording, comprising at leasi one pigment represented by the following formula 

» (I): 



40 



45 



50 




£5 



wharsin x Is In intfinar nf 0 t« 3; nr 

ci pigment rupr bbanteU by the following formula (II); 
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10 



75 



.70 




n 2. 



6. 



or a mature of the pigment represented by the formula (I) with the pigment represented by the formula (Jl). 

The cyan Ink composition according to claim 1 , wherein the pigment represented by the formula (I) ie C.I. Pigment 
Blue 60, 22. 54, or 21. 

The cyan ink composition according to claim 1 or 2. wherain the pigment roprssented by the formula (II) is C.I. Pig- 
ment Dlue 1G ; 3. 

Th9 cyan ink composition according to any one of claims i to 3, wherein the weignt ratio or the pigment represented 
by the formula (I) to the pigment represented by the formula (II) is 1 : 2 to 1 : 10. 

The cyan ink composition accoidiiiy lu any one of claims 1 to 4, which further comprises a resJn emulsion. 
A yellow Ink composition for InkJet recording, comprising a pigment represented by the following formula (HI): 



40 



d5 



Y 7 . 




Y 8 Y, 

NH HN 11 




Y 5 



•r- 

Y4 



^1 

Y3 



(ill) 



so 



.« a. 



wherein Y } to Y a oach independently represent a chlorine or hydrogen alum and R lepresents u-phenylene or 2,6- 
vylyl. or C I Pigment Yellow 74, 138, 150 or 180. 

The yellow ink composition according to claim 6, which comprises CI. Tigment Yellow 109 and C.I, Pigment Yellow 
110 as the pigment represented by the formula (III). . 

The ysllow ink compogition according to claim 7, wherein the weight ratio of C.I. Pigment Yellow 100 to C.I. Pigment 
Yellow 1 1 o Is 60 ; 40 to 39 : 1. 



9. I he yellow ink composition according to any ona of claims 6 to 8. which further comprises a resin emulsion. 
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10. An ink bet for ink jet recording, comprising a cyan ink composition, a magenta ink composition, and a yellow inK 
composition, the cyan inkcompocition being one according to any one of claimc 1 to 5, 

11. An InK set lor ink jei recording, comprising a cyan inK composition, a magenta ink composition, and a yellow ink 
s competition, the yellow ink composition being one aocording to any one of claim3 6 to 0. 

12. An ink set for ink jet recording, comprieing a cyan ink composition, a magenta ink composition, and a yellow ink 
composition, the* r.yan ink composition being one according to any one of claims 1 to 5, the yellow ink composition 
being one according 10 any one of claims 6 to 9. 

10 

13. I he ink set, according to claim 10, 1 1 . on 2. wherein the magenta ink composition comprises, as a colorant, a pig- 
ment represented by the following formula (IV); 

T T T T I I <«> 
• ^ y Y ^ *> 

2* wherein to X 10 each independently represent a hydrogen or chlorine atom or a methyl group, 

14. The ink cct according to olaim 13, wherein the pigment represented by theformuia (IV) in the magenta inkcompo 
Sition is CI. Pigment Red 122 or CI. Pigment Red 203. 

so 15. The ink set according to claim 14, wherein the cyan ink composition comprises C.I. Pigment Blue 60 or C.I. Pigment 
Blue 15:3. 

16. The ink set according to any one of claims 13 to 15. wherein the magenta ink composition further comprises a resin 
emulsion. 

as 

17, The Ink set according to any one of claims 10 to 16, wherein the concentration of the magenta pigment In tne 
magenta ink compocition and tho concentration of the yellow pigment in the yellow ink composition each arc higher 
than the concentration of the cyan pigment in the cyan ink composition. 

40 18. The ink set according to claim 1 7, wherein the pigment concentration is not more than 6% by weight for ail the ink 
compositions and the ratio of the pigment concentration {% Dy weight) of ihe cyan Ink composition to the pigment 

concentration (% by weight) of the magenta ink competition to the pigment concentration (% by weight) of the yeJ 
low ink composition is 1 : 1 to 2 : 1 to 3. 

4* 19. A method for ink jot recording, comprising the step of: depositing a reaction solution containing a roactant and an 
ink composition onto a recording medium to conduct printing, 

wherein the ink compoaition ia the cyan ink composition according to any one of claims 1 to 5, and 
the reactant breaks the state of dispeminn anri/nr dissolution nf the pigment to ramse agrjlnmeratinn. 

fo 20. A method for ink jet recording, comprising the step of: depositing a reaction solution containing a reactant and an 
Ink composition onto a recording medium. 

wherein the ink composition is the yellow ink composition aocording to any ono of olaims 6 to 0, and 
the reactant breaks the stats of dispersion and/or dissolution of the pigment to cause agglomeration. 

21. A method for ink jst recording, comprising the step of: depositing a reaction solution containing a reactant and an 
Ink composition onto a recording medium, 

wherein the ink composition one in the ink 3et according to any one of otaims 10 to 1S r and 

the reactant breaks the state of dispersion and/or dissolution of the pigment to cause agglomeration. 
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22. The method according to any one of claims 19 to 21, wherein the step of ejecting droplets of the inK composition 
onto the recording medium to record an image (6 performed after the step of depositing the reaction solution onto 
the recording medium. 

s 23. The method according to any one of claimc 19 to 21 , wherein the ctcp of ejecting droplets of tho ink composition 
onto the recording medium to record an image Is performed before the step of depositing the reaction solution onto 
the recording medium. 

24. The method according to any ona of claims 1 9 to 23, wherein the reactarrt is a poiyvaleni metal salt and/or polyai- 
jo lylamine. 

25. The method according to claim 24, wherein the polyvalent metal salt ia a salt of nitric acid or a aalt of a carboxylic 
arid 

is 26. A record printed by the method according to any one of claims 19 to 25. 



20 



GG/G5/1000 13:13 17G001G1727 OPTIPAT PAGC 

SP0 770 021 A2 




21 



QG/05/1Q00 13:13 1703O1G1727 OPTIPAT 

S? 0 779 321 A2 



21 



Ib- 



lc-- 




22 23 24 25 

F I 6. 2 




FIG. 3 



4 la 



v 4lb 



42 43 44 45 

F I G. 4 



22 



00/05/ 1000 13:13 17Q301C1727 OPTIPAT TAGC 

EP 0 770 321 A2 




23 



QG/Q5/1QG0 13:13 178301G1727 



□rTIPAT 



EP 0 778 321 A2 



PAGC 




